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Description 

The present invention relates to oil, gas, water, geothermal or similar well drilling techniques. More precisely, the 
invention concerns cementing compositions which are particularly adapted to low temperatures. 

After drilling an oil (or similar) well, a casing or coiled tubing is lowered into the well and is cemented over all or a 
portion of its height. Cementing serves, in particular, to prevent fluid exchange between the different formation layers 
through which the well passes, to prevent gas from rising in the annular space surrounding the casing, or to limit the 
ingress of water into the production well. Its principal function, of course, is to hold the casing in position. 

With offshore drilling in particular, special attention must be paid to the first section of the casing, known as the 
conductor pipe, which is lowered from the well head, in this case on the sea bed, since the first column acts as a guide 
for the rest of the hole, and so the tolerance on its inclination cannot be more than a few degrees. 

As it is not very long, the conductor pipe is very sensitive to the well head temperature. In the case of deep water 
wells, this temperature is that of the ocean bed, namely 4°C. It can be as low as 0°C in arctic regions. Cements for 
the oil industry, however, are normally designed for a temperature of more than 50°C with a setting time which increases 
as the temperature drops. In the limit, in arctic regions, the Portland cement slurries which are normally used may freeze. 

Various additives which are intended to accelerate the setting time are known, but under extreme conditions they 
reach their limits, with disastrously negative effects on the quality of the cement slurry and on that of the set cement. 
This has led to the development of formulations based on specific cements which are essentially classified into two 
types: formulations based on plaster and formulations based on aluminous cements. Plaster-based formulations, or 
more precisely plaster/Portland cement mixtures, are preferred by many authors over formulations based on aluminous 
cements since aluminous cements give off a large amount of heat over a very short time lapse which can thaw the 
formation surrounding the bore hole. (See French patent FR-A-2 376 620; and United States patents US-A-3 581 825" 
US-A-3 891 454; US-A-4 1 76 720; US-A4 482 379; US-A-5 346 550; US-A-5 447 1 98). 

The setting time, however, remains long. In particular, the time spent waiting on cement (WOC), i.e., the period 
between pumping and the moment when the cement develops sufficient strength to support the conductor pipe, is 
about twenty hours or even more. During the whole of this period, drilling operations are interrupted and the drilling 
crew is stopped, leading to very high peripheral costs. 

Further, ocean floors are often sandy and poorly consolidated. This means that low density cement slurries must 
be used, generally in the range 11 ppg to 1 3 ppg (pounds per gallon, i.e., 1 .32 g/cm^ to 1 .56 gfcafl). A cement slurry 
is generally lightened by increasing the quantity of water and - in order to avoid separation of the liquid and solid phases 
- the viscosity of the liquid phase is increased by addition of bentonrte or sodium silicate in particular. Where an ordinary 
cement normally has a water/solids weight ratio in the range 38% to 46%, in slurries with this low a density this ratio 
is currently more than 50% or even more than 60%. Such quantities of water retard the development of compressive 
strength and thus increase the waiting on cement time. 

A slurry can also be lightened by adding an inert gas (cement foam; see US-A-5 484 019) or light materials such 
as silica dust (FR-A-2 463 104), or hollow ceramic or glass spherules (US-A-3 804 058; US-A-3 902 911 or US-A-4 
252 193). Such materials can reduce but not replace the amount of additional water added to the cement slurry to 
lighten it so that the development of compressive strength is less retarded. Nevertheless, the quantity of water required 
remains high and after 24 hours, the compressive strength remains very low, generally not exceeding 600 pounds per 
square inch (psi; 41 36 kPa). 

An aluminous cement/water/microsphere formulation is known from United States patent US-A-4 234 344 which 
relates to cementing compositions which are subjected to high temperatures, in particular for a steam injection well. 
For an experimental well, that patent describes the use of a formulation constituted by 100 parts (by weight) of Ciment 
Fondu (trade mark of an aluminous cement containing 40% of alumina sold by Lafarge, France), 55.5 parts of hollow 
glass spherules, 65 parts of silica flour, 0.5 parts of dispersing agent and 110 parts of water. No data is given for the 
setting time and the compressive strength. 

The aim of the present invention is to provide novel low temperature, low density cementing formulations which 
can develop compressive strength rapidly. 

The invention thus provides a formulation based on a hydraulic aluminous cement which is characterized by a 
very low porosity (porosity equals the ratio of the volume of water to the total volume of the slurry) which is typically in 
the range 0.25 to 0.50, preferably in the range 0.30 to 0.40, and by the addition of a light material and fine particles. 

In general, a dispersing agent is added to the composition as well as a cement setting accelerator, the dispersing 
agents which are known in the art generally having a retarding effect on cement setting which must be compensated 
for. Paradoxically, this retarding effect is desirable when preparing the slurry since mixing is carried out on the surface, 
and hence at a temperature which is usually around 20°C, so the slurry has a greater tendency to set on the drilling 
platform than in the well. Other conventional additives can be added, in particular anti-foaming agents, filtrate control 
agents or gas migration control agents. 

The solid particles of the mixture are preferably in respective proportions such that the packing density of the 
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mixture is maximised. The addition of fine particles can produce PVF (packing volume fraction) values which are pref- 
erably more than 0.75, more preferably more than 0.8. In this way, mixing the formulation presents no particular diffi- 
culties even at porosities which are as low as those of the invention. Further, highly satisfactory rheologies are obtained 
under good pumping conditions, in particular with an almost complete absence of sedimentation. 

s The fraction of the mixture which is constituted by fine particles can in particular be constituted by ground quartz 

or glass, finely ground calcium carbonate, microfine silica (micro-silica), carbon black, iron oxide dust, red mud or 
screened fly ash. In general, suitable substances are substances which are compatible with aluminous cement and 
have an average diameter of the order of half to 1/100th the average diameter of the cement particles (i.e., between 
0.075 microns and 7.5 n). Quartz, which is a low reactivity crystalline material, is more particularly preferred. 

10 The aluminous cements considered for use in the present invention are cements in which the monocalcium alu- 

minate (CA) content is greater than or equal to 40%, with a particularly low silica content when compared with ordinary 
cements, in particular Portland type cements. Particular examples of commercial products which can be used in the 
present invention are Ciment Fondu, Secar 51 (Lafarge), CA 14M aluminous cement from Alcoa, and Lumnite. 

On hydration, CA forms a hexagonal compound CAH1 0 which corresponds to the very rapid development of com- 

15 pressive strength. At 20°C, 80% of the final strength is reached in 24 hours whereas this may take several days with 
a Portland type cement. Because of this, aluminous cements are remarkably suitable for the applications envisaged 
here. However, aluminous cements are considered to be very sensitive to contaminants and are thus little used. 

As mentioned above, the formulations of the invention have very low porosities, and more remarkably the densities 
are among the lowest. The low density required is obtained not by adding larger quantities of water as in the prior art 

20 but by adding a very light material constituted, for example, by hollow microspheres, preferably with a relative density 
of less than 0.8. Preferably, the microspheres have an average diameter in the range 2 to 20 times the average diameter 
of the aluminous cement particles. Silico-aluminates or cenospheres (the residue obtained from charcoal combustion) 
are particularly suitable, in which the average diameter is of the order of 1 50 |i (i.e., about 1 0 times the average diameter 
of Ciment Fondu). Hollow glass spherules are also suitable. 

25 The solid phase of the composition is preferably constituted by 35% to 65% (by volume) of cenospheres, 20% to 

45% of aluminous cement and 5% to 25% of fine particles. In a particularly preferred variation, part of the aluminous 
cement is replaced by silica flour (added in a quantity which is generally in the range 5% to 30% by volume of the solid 
phase.). Fly ash or blast furnace slag can also be used as a partial substitution material for the aluminous cement. 
With the addition of such a diluting agent - silica flour, fly ash or slag - the aluminous cement constitutes only about 

30 one-third of the solid fraction of the formulation so the heat released by the hydration reaction of the cement is minimised. 
Further, as taught in US-A-3 581825, the hydration reaction can be modulated by adding a small amount of clay (in 
particular attapulgite or, preferably, bentonite). 

If the sediments through which the wells are drilled are particularly unstable, the density of the cement slurry may 
have to be adjusted to a lower value than that which may be used with hollow microspheres. In this case air or nitrogen 

35 bubbles are used as material for lightening the slurry as desired. The manufacture of foam cement is known to the 
person skilled in the art and numerous oil wells are currently treated with such cements. The quantity of gas included 
in the cement (quality o\ the foam) lies in the range 10% to 60%, and the best results are generally achieved in the 
range 20% to 40%. The formulation of the invention is thus constituted by a base slurry made from aluminous cement 
which can optionally be mixed with other mineral particles to become thicker or thinner, as described above. 

to Further advantageous characteristics and details of the invention become apparent from the following description 

which is made with reference to tests carried out on different examples of additive compositions, and given with refer- 
ence to the figures in which: 

• Figure 1 is a characteristic setting curve for an aluminous cement under static conditions, for temperatures in the 
45 range 20°C to 50°C; 

• Figure 2 is a characteristic curve for the development of compressive strength for an aluminous cement at 10°C; 

• Figure 3 is a characteristic setting curve for an aluminous cement under dynamic conditions, for temperatures in 
the range 10°Cto30°C; 

• Figure 4 is a curve illustrating the retarding effect of a dispersing agent on setting of an aluminous cement; 
50 • Figure 5 is a curve illustrating the accelerating effect on setting obtained with lithium carbonate; 

• Figure 6 is a particle distribution curve for the aluminous cement used in the tests reported in the present document; 
and 

• Figure 7 is a distribution curve for the different fine particles used in the invention. 

55 The aluminous cements used in the present invention are cements in which the monocalcium aluminate content 

is not less than 40%. The secondary mineralogical phases are essentially C 12 A 7 , C 2 S, ferrites and C 4 AF, these sub- 
stances being given the following references as are common for cement: C = CaO, A = AI2O3, S = Si0 2 , F = Fe 2 0 3 . 
Particularly suitable aluminous cements are those sold by Lafarge under the trade name Ciment Fondu which is con- 
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weight ^ A ' 2 ° 3 (37 - 5 " 41 - 5%) ' Ca ° < 36 - 5 - 39 - 5% )- Si ° 2 (2.5-5.0%) and Fe 2 0 3 + FeO (14.0-18.0) (percentages by 
Analysis of setting under static conditions for Ciment Fondu shows a regular increase in the setting time on de- 
creasing temperature to about 30-C and .in characteristic manner, a reduction in the setting time for lower ternperaTures 

bv Cimem FonHn « fT* ' ? *" ^ h 1 and oWa,n8d Wi,h 3 Slur, V which was ^tuted simphy 

by Cimen Fondu, water (water/cement weight ratio = 0.46) and an anti-foaming agent in an amount of 0.05 gal/sk (i 

e US gallons per 94 pound sack of cement; a concentration of 0.1 gaVsk or 0.1 gps corresponds to 0 90 liters of 

d,s P ers.ng agent per 1 00 kg of cement). The heat released by the hydration reaction's ptotted^he ordinate 

to that used for the preceding test, but with a water/cement ratio of 40% by weight, it can be seen from Figure 2 tha 
S^a^ 

However, for setting time under dynamic conditions, i.e., under the conditions recommended in the API (American 

Isl^ZZr I 9 "' 9 3 Sh ° WS h ° W thS consistenc y of a slu "V PWd "nder the test conditions of Figure 1 
BC t 0 " 5 ' S,en H C y W3S meaSUfed in standardis ed BC units. A slurry with a consfetency of more than 100 

than in R r f P v mP6d U bS See " ,hat Wrthi " 3 ,SW minutes ' ,he ^tency of the slurry passed from less 
than 10 BC to the l,m,t,ng consistency of 100 BC. Further, and in contrast to that which would be predicted from tests 
earned out under static conditions, the thickening time increased substantially between 30°C and 1 10°C 

forml«lnl Ul tK ti0 . n K US ! d ^ *"* did ™* C ° n,ain 3 diSpersing a 9 ent « is P°*sible to prepare such 
formulations ,n the laboratory by v.gorous stirring while mixing is taking place, in practice a dispersing agent is necessary 
once the quanttt.es to be prepared become large. Conventional dispersing agents are general* ^SSSTSTE 
aluminous cements. Particular examples are citric acid, sodium safts and in particular sodium gluLat and suTonate 
derivatives such as polymelamine sulfonates or po.ynaphthalene sulfonates, in particular sodium polynap nalene 
sulfonate/formaldehyde. These dispersing agents, however, have a considerable retarding effect on cement setting 
Thus, as shown in Figure 4, at 20°C with a slurry constituted by Ciment Fondu and water (46% by weight) the setting 
time was almost doubled by the addition of 0.01 % of sodium gluconate 9 
id« ilnifllrw?" 9 ?"* T.k 6 *" 9 be com P ensate d for in the invention by adding sodium silicate, calcium hydrox- 
ceml ^ p ° r 3 "?r in PaftiCUlar ' ithiUm Carb ° na,e " ThiS ac ^'srating effect on the setting of aluminous 
cement is ah™, n Figure 5 which plots the heat released by the hydration reaction against time of a formulation wS 
was constituted s.mply by Ciment Fondu and water (46% of water with respect to the weight of cement) a 20»C at 
vanous concentrations of lithium carbonate. Remarkably, the effect is relath/ely progress*' and the setting tae can 
be modified voluntarily depending on requirements. 9 

In the case of cement/microsphere/water formulations, as in patent US-A4 234 344, large quantities of water are 

n the invention, the desired theological properties are obtained, in particular, by adding fine particles which increases 

hlTsT^?' n h «% miXtUra ° f S0 ' idS - The ,0rmUlations are P referabl V su * that the Pv'f of the mS eTmor 
than 0.8, preferably 0.85 - ,n other words, an extremely high packing factor. This can be obtained, in particulaT by 
employing the conditions recommended in French patent FR-A-2 704 218: at least three solid species with non-over- 
lapping ranges of grain sizes of which at least one is constituted by fine particles, in relate proportions which maximise 

for «h? S S^ VF ' ? V ° ,Ume / raC , ,i0n ° f SOHd PartiCl6S °" PaCkh9 ' *** is lhe o'r close I II 

for the se ected comb.nat.on of sol.d species), and a solid material concentration in the slurry which is above the 
concentration threshold at which hindered settling occurs. 

of « ? e n£2 n p ^ di J ribUti0n ° f an aluminous 400/0 Cime nt Fondu type cement (Lafarge - France) is very close to that 

1™ h I Cement ' 35 Ca " b8 SSen fr ° m Rgure 6 - The avera 9 e P artic,e dia "eter is close to 15 a The 
cenospheres have an average diameter of about 1 50 u. 

be consWuted 8 V^ZS^* ""S COmpac,ness in the solid mi *™~ *» *» fraction of the mbrture must 
wth^Sl V h P f . 30 aVera9e d ' ameter in ,he range 01 microns ,0 5 morons. This is true in particular 
with particles such as those shown in the grain size distribution curve shown in Figure 7: red mud carbon black iron 

latexes such as those described ,n patent EP-0 001 377 or fine titanium oxide used as pigment in paints 
the hi™ * r! 7 7 h °Tl COmb " S,i0n ° f charcoal ' P articula r'y m thermal power stations. In modern installations, 
L^Th are f UpP " ed Wrth charcoal wh,ch already been powdered. The unburned fraction is vaporised in the 
troT^LTIl"? 8 1 T" 9 " '° rm °' diVid8d PartiC ' eS M are a PProximatefy spherical. The elec 
« P t , P f !?• Ch ' mney CaptUre a " partiClSS be,0W 200 " 80 ,ne P artic,e Srain size distribution is about the 
Th ^ C f ment Aft6r SCre6nin9 ' in PartiCU ' ar USin9 3 50 micron screen " the majorfty of part c es 
o ^ invelon ^ * " Me " ** USe 35 ,he fi " e partic,es in ' ormu ,ations 
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EXAMPLE 1 



Different cement slurries based on Ciment Fondu (Lafarge) were prepared in accordance with API standards. For 
all the formulations, porosity was fixed at 40%, slurry density was 1 .56 g/cm 3 (1 3 ppg). Apart from the Ciment Fondu 
5 (density 3.23), the solid fraction of the mixture was constituted by hollow Cenosphere type microspheres (relative 
density 0.75; reference D124 from Schlumberger Dowell) and finely ground quartz (relative density 2.65; reference 
E600 from Sifraco, France), identical to that used for Figure 6. The proportions shown for the solid constituents corre- 
spond to volume fractions of the solid fraction (BVOB = by volume of blend). 

The quantity shown for the additives, dispersing agent and accelerator is the quantity added in grams for a standard 
10 volume of 600 ml of cement slurry. The setting accelerator was lithium carbonate and the dispersing agent was citric 
acid (reference D45 from Schlumberger Dowell). 



# 


Ciment Fondu (% 
vol.) 


Hollow spheres (% 
volume) 


Fines (% volume) 


Dispersing agent (g/ 
600ml) 


Accelerator (g/ 
600ml) 


1 


40 


50 


10 


0 


0 


2 


40 


50 


10 


1 


0 


3 


40 


50 


10 


1 


0.01 


4 


40 


50 


10 


1 


0.02 



The following table shows the results obtained for slurry rheology: PV': Plastic viscosity; TY' 7 : Yield point; FW'': 
Free water; and TT": Thickening time. The measurements were carried out at 4°C under API conditions. 





PV 




jyii 




FW>" 


TT' V 


# 


CP 


Pa.s 


ibf/1 00ft 2 


Pa 


ml 


h:min 


1 


210 


0.21 


23 


11.01 


0 


06:12 


2 


198 


0.198 


2.8 


1.34 


0 


>8:00 


3 


204 


0.204 


4.2 


2.02 


0 


05:30 


4 


216 


0.216 


7.1 


3.41 


0 


03:08 



The tested formulations were perfectly stable and no tendency towards sedimentation was observed, as shown 
by the zero free water volumes. In the absence of a dispersing agent (test #1 ), the yield point of the mixture was a little 
high. However, the setting time remained long. This formulation was thus discarded. 

Addition of a dispersing agent (test #2) reduced the yield point but the slurry no longer thickened. This retarding 
effect was largely compensated for by the addition of a small quantity of lithium carbonate (test #3). The thickening 
time was of the order of 3 hours with a lithium salt concentration of 0.033 grams per liter of slurry (test #4). 



EXAMPLE 2 



The formulations of Example 1 were used • with a fixed porosity of 40% - but part of the aluminous cement was 
replaced by silica flour (reference D66 from Schlumberger Dowell), a variety of silica with a grain size which is very 
close to that of Ciment Fondu, with a density of 2.65. Slurries #5, #6, #7 and #8 had a density of 1 .52 g/cm 3 (1 2.7 ppg), 
and slurry #9 had a density of 1.50 g/cm 3 (12.5 ppg). 



# 


Ciment Fondu 
(% vol.) 


Silica flour (% 
vol.) 


Hollow 
spheres (% 
volume) 


Fines (% 
volume) 


Dispersing 
agent (g/600ml) 


Accelerator (g/ 
600ml) 


5 


30 


10 


50 


10 


1.5 


0 


6 


30 


10 


50 


10 


1 


0.02 


7 


30 


10 


50 


10 


1.5 


0.03 


8 


30 


10 


50 


10 


1.5 


0.06 



5 
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(continued) 



# 


CimentFondu 
(% vol.) 


Silica flour (% 
vol.) 


Hollow 
spheres (% 
volume) 


Fines (% 
volume) 


Dispersing 
agent (g/600ml) 


Accelerator (g/ 
600ml) 


! 9 


25 


15 


50 


10 


1.5 


0.03 j 



The formulations tested here had high packing volume fractions (PVF). For tests #5 to #8. the PVF was 0 836 In 
the last case, it was 0.834. '" 

hourl n32 S 4 0 ho t u!s e A a, Sh0W " ^ ,0 " 0Wing ,3ble WhiCh a ' S ° Sh ° W COmprSSSive S,ren 9 ,h after 6 







PV 


Ty 


Fw 


TT 


CS 6h v 


CS 24h " 


# 


CP 


Pa.s 


ibf/100ft 2 


Pa 


ml 


h:min 


psi 


I N/cm 2 


PS' 


N/cm 2 


5 


222 


0.222 


2.5 


1.19 


0 


>8:00 


zero 


4300 


2967 


6 


232 


0.232 


2.2 


1.05 


0 


03:25 


2833 


1953 


4120 


2843 


7 


230 


0.230 


3.8 


1.82 


0 


02:50 


3230 


2229 


3980 


2746 


8 


250 


0.250 


12 


5.75 


0 


0:45 


3700 


2553 


4040 


2788 


9 


240 


0.240 


1.8 


0.86 


0 


03:20 


2540 


1753 


3120 


2153 



at thi? i n 6 mn!^r Ula M 0 ^ C0nt ^,, nin9 3 lithiUm Salt h3d V6,V Sh ° rt S6ttin9 times and ver V hi 9 h impressive strengths 
on Suirementf ° f accelera,or could readil V ,en 9 then ° r «*ard the setting time, depending 

,h a n 1 ?nn COmPre H S r f S T 8 Wefe particular| y hi 9 h - « should ^ remembered in this respect that values of more 
than 500 ps. are difficult to obtain with prior art compositions at similar temperatures. 

EXAMPLE 3 



.h J^ iS <?n Xample ' i0 £ e fine fraCti ° n °! th9 miXtUf9 ' ,hS fine quartz was re P' aced * fl y ash had been passed 
through a 50 u screen (density 2.3 g/cm 3 ). ^ 



# 


Ciment Fondu 
(% vol.) 


Silica flour (% 
vol.) 


Hollow 
spheres (% 
volume) 


Fines (% 
volume) 


Dispersing 
agent(g/600ml) 


Slurry density 
(g/cm3) 


11 


40 


0 


50 


10 


1 


1.56 


12 


30 


10 


50 


10 


1 


1.52 


13 


25 


15 


50 


10 


1 


1.50 



«, r J^h 1« « k d 31 4 C 10 th ' S 6Xample 3 ' measure ™nt* o' the thickening time and compressive 

strength after 6 hours were not carried out. In this example, the compressive strength at 24 hours had the same sig- 
nificance as the values which could be obtained in the short term in the presence of fly ash 







PV 


Ty 


FW 


CS 24h 


# 


CP 


Pa.s 


lbf/100ft 2 


Pa 


ml 


psi 


N/cm 2 


11 


266 


0.266 


9 


4.31 


0 


4520 


3119 


12 


279 


0.279 


7 


3.35 


0 


2640 


1822 


13 


273 


0.273 


6 


2.87 


0 


2280 


1573 



Again, the rheologies were very satisfactory (the plastic viscosity may appear a little high but it should be pointed 
out that as before, the porosity of the slurry was fixed at only 40% and at such a level, it is remarkable in itself that the 
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slurry was perfectly mixable and pumpable). 

The compressive strength decreased with the reduction in the quantity of aluminous cement in the slurry. Rheo- 
logical performances were slightly lower, primarily due to poorer compactness of the mixtures. Formulations containing 
a low proportion of aluminous cement nevertheless remained advantageous for cases where the exothenmicity of the 
5 hydration reaction of the cement could cause problems. Further, aluminous cements are far more costly than silica flour. 

EXAMPLE 4 

This showed that other dispersing agents in current use could be used by testing a formulation with a PNS type 
io dispersing agent (polynaphthalene sulfonate; reference D80 from Schlumberger Dowell) and a PMS type dispersing 
agent (potymelamine sulfonate; reference D145A from Schlumberger Dowell). The slurries had a density of 1.52 g/ 
cm 3 . The setting accelerator was lithium carbonate. 



15 


# 


Ciment 


Silica flour 


Hollow 


Fines (% 


Dispersing 


Dispersing 


Accelerator 




Fondu (% 


(%vol.) 


spheres (% 


volume) 


agent (type) 


agent (g/ 


(g/600ml) 






vol.) 




volume) 






600ml) 




20 


14 


30 


10 


50 


10 


PNS 


3 


0.03 


15 


30 


10 


50 


10 


PMS 


3 


0.03 



The formulations were tested at 4°C, and exhibited particularly satisfactory performance, as shown in the following 
table: 





PV 


Ty 


FW 


TT 


CS6h 


CS 24 h 


# 


CP 


Pa.s 


lbf/1 00ft 2 


Pa 


ml 


h.min 


psi 


N/cm 2 


psi 


N/cm 2 


14 


235 


2.35 


12 


5.76 


0 


2:20 


2150 


1482 


3980 


2746 


15 


243 


0.243 


17 


8.16 


0 


1:50 


2200 


1517 


3870 


2670 



30 

EXAMPLE 5 

Two new formulations were prepared using a micronic silica as the fine fraction (average particle diameter: 0.15 
u.). The dispersing agent was a PMS (reference D145A from Schlumberger Dowell). The antifoaming agent was ref- 
35 erence D047 from Schlumberger Dowell. The slurries had a density of 1 .56 g/cm 3 , corresponding to a porosity of 37.5% 
(test #1 6) and 41 .4% (test #1 7) for a respective PVF of 0.875 and 0.857. 



# 


Ciment Fondu 


. Hollow 


Micro-silica (% 


Water (liter/ 


Dispersing 


Anti- foaming 




(% vol.) 


spheres (% 


volume) 


tonne) 


agent (liter/ 


agent (liter/ 






volume) 






tonne) 


tonne) 


16 


39.51 


48.17 


12.32 


287.38 


3 


1 


17 


33.94 


41.38 


2468 


328.33 


3 


1 



The results of measurements at 4°C are shown in the table below. The thickening time corresponds to a consistency 
oflOOBC. 
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Slurry property 


i CaL 

#16 


#17 


Plastic viscosity cP 

[Pas] 


nd 


95 4 
[0.954] 


Yield point Ibf/100ft J ) 
[Pa] 


nd 


0.2 

ro.ioi 


Time for achieving a compressive strength of 
...50 psi [34N/cm 2 l 


3:16 


13:58 


...500psi [848N/cmM 


4:12 


15-15 


Compresive strength after... 24 hours (psi) 

[N/cm 2 ] 


11fS\ 

[2593] 


11 AQ 

[2309] 


...48 hours (psi) 

[N/cm l ] 


4203 
[2898] 


nd 


Thickening time 




3:45 


Free water (ml) 




0 


Fluid loss (ml/30 min) 




40 



to r Jmltn ! P ? 1 be considered ,imi,i "9- Particular, the principle of the invention can be applied 
to cementing compositions of normal density or even of relatively high density. This is accomplished by replacing he 
hollow mrcrospheres wrth spherical particles of the same size but higher density. 

EXAMPLE 6 

for ou^T^T S ' UrrieS H W !, re P L ePared bV addin9 3 9aS - ln ,hiS eXamp,e the 9 as was nitr °9 e " ™<* the volume 
£TI?H I~ . T } C ° rreSp0nded ,0 the volume of 9 as j " «he foam cement. The quantities of surfactant, dispersing 
iS^t T 9 T bV ° f Cement The V0 ' Ume Pontages given for the Ciment Fondu, additional 

tZ £K ofTT' 6S) ' "T 5 "' 03 - ^ P ° rOSity ' arS fe,ative ,0 ,he volume °< » e ba *> before foarlg 
The porosity of the slurry corresponds to the volume fraction of water in the base slurry, before gas was injected 



# 


Ciment 
Fondu (% 
vol.) 


Other (% 
vol.) 


Nitrogen 
(% vol.) 


Micro- 
silica (% 
vol.) 


Surfactant 

(liter/ 

tonne) 


Dispersing 
agent (liter/ 
tonne) 


Accelerator 
(liter/tonne) 


Porosity 
(% vol.) 


18 


70 


0 


30 


0 


25 


2 


0.03 


58 


19 


60 


0 


30 


10 


25 


1.5 


0.02 


40 


20 


62 


0 


25 


13 


20 


1.5 


0.02 


45 


21 


45 


181 


30 


7 


25 


2 


0.01 


40 


22 


45 


182 


15 


13 


20 


1.5 


0.02 


40 



2 hollow microsphere 

,o J hS < f mpreSSiVG Stren9,h af1er 24 hours (at a temperature of 4 9 C) was 820 psi for test 18- 880 psi for test 19- 
240 ps. for test 20; and 1120 psi for test 21. For test 20, the use of microspheres' allows a lighter base skirry^o be 
obtained which correspondingly reduces the quantity of gas. The compressive strength thus obtained is iSo psf 

^^ZZT^^^^ ° btained " hen the ' i9ht ma,eria ' iS COnstitUted b * hollow microspheres,' 
but are nevertheless remarkably high for a foam cement given a temperature of 4"C. 
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EXAMPLE 7 

Slurries were prepared using particles of styrene-butadiene latex for the fines fraction. The formulations are given 
in the table below, the percentages being given, depending on the case, by volume of the solid mixture (BVOB), by 
5 weight of cement (BWOC), or by gallons per sack of cement (gps). 



10 



15 



u 
n 


Oil 1 lot It 

Fondu(% 
BVOB) 


noiiow 
spheres 
(% BVOB) 


iviicro- 
silica (% 
BVOB) 


Latex 

(gps) 


oiiric acta 

(% 
BWOC) 


Ann- 
foaming 
agent 

(gps) 


Anti- 
sedimentation 
agent (% 
BWOC) 


LI2CO3 
(% 

BWOC) 


23 


40 


55 


5 




0.025 


0.03 






24 


40 


55 


5 


3 


0.1 


0.05 


0.2 


0.008 


25 


45 


55 




3 


0.1 


0.05 


0.2 


0.01 


26 


45 


55 




2.2 


0.025 


0.05 


0.2 




27 


45 


55 




1.8 


0.025 


0.05 


0.2 





For the reference formulation No. 23 without latex, an anti-foaming agent reference D47 (trademark of Schlum- 
berger Dowell) was used. With latex, the anti-foaming agent used was reference D144 (trademark of Schlumberger 
Dowell). 



25 



30 











PV at 9°C 


Ty at 9°C 




# 


Porosity 


Density (g/cm 3 ) 


Water/cement 
ratio 


CP 


Pas 


Ib/lGOft* 


Pa 


Filtrate losses at 
9°C 


23 


42.0 


1.49 


0.556 


162 


0.162 


3.8 


1.82 


>1000 ml 


24 


36.1 


1.46 


0.506 


132 


0.132 


1.9 


0.91 


16 ml 


25 


35.0 


1.48 


0.434 


164 


0.164 


6.7 


3.21 


22 ml 


26 


37.6 


1.48 


0.467 


131 


0.131 


3.4 


1.63 


24 ml 


27 


39.0 


1.48 


0.483 


126 


0.126 


4.3 


2.06 


76 ml 



The porosities took account of the solid fraction provided by the latex. The water/cement ratio was a weight ratio. 
The filtrate losses were measured in 30 minutes in accordance with API standards. 

As stated in the table above, slurries can be obtained having very good rheologies and very low filtrate losses. 
The results concerning the setting of the cement were also excellent as shown in the following table (the measurements 
by ultrasound were performed at a pressure of 2068 kPa (3000 psi). The times are expressed in hours:minutes, the 
compressive strength in kiloPascals. 



45 









Measurements by ultrasound at 4°C 


# 


TT at 9°C 


TT at 20°C 


50 psi 


500 psi 


24 hours 


48 hours 


23 


3:54 


2:23 


3:24 


4:25 


3806 


4413 


24 


3:52 


0:53 


7:35 


9:33 


1875 


2206 


25 


3:43 


1:00 


12:44 


14:13 


237 


3420 


26 


>8:00 


2:10 


15:30 


16:43 


2827 


4247 


27 


>7:00 


1:14 


12:20 


13:29 


3454 


4144 



Claims 

55 

1. A cementing composition for oil (or similar) wells, essentially constituted by: 
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" ^£^2? a medium component containin9 at ,east one aluminous hydraulte ce ™<- *- 

• water, with a porosity in the range 0.25 to 0.5 (preferably in the range 0 3 to 0 4) 

• a d,spers,ng agent, a setting accelerator for aluminous cement and, optional^ oiher conventional additives. 

5. A panting compos.ion aecoaling to any proving claim, ctoactanaed in that the sofa mMlm , co mpris4s , „ 

• to 45% of medium component; 

• to 25% of fine particles; 

• to 65% of hollow microspheres. 

6. A cementing composition according to any preceding claim, characterized in that said medium component is a 
bCZLe s^° US C6ment 3 di ' UUn9 39ent WitH 3 9rain SiZe WhiCh is close to *- - sili^Zr; alh or 

" " « - — -nt is in a proportion in the 

8 ' l C rHi a ,in9 , COm ^ Siti ° n aCC ° rding ,0 3ny PfeCedin9 claim ' characterized in that said fine particles have an av- 
erage d,ameter „ the range 0.01 to 0.5 times the average diameter of the aluminous cement partictes 

9 " fino e « 1 n n '' n ?H C0 T^ 0S ^' 0 ^ aC ^ 0rC '' ng ,0 Clalm ? ' charac,eri ^d in that said fine particles are ground quartz or qlass 
buSZSex " Carb ° nat0, Carb ° n ir ° n ° Xide red mud * -reened f J ash C 

10 ' mirrn m ,nh tin9 ^ p B * itton aCM9 *° any precedin9 claim ' characterized in that the average diameter of said 
microspheres ,s ,n the range 2 times to 20 times the average diameter of the aluminous cement parties. 

11. A cementing composition according to claim 9, characterized in that said microspheres are cenospheres. 

isz^:^:^^ suHona,e or a ~ a - — ■ s i-EES 

13. A cementing composition according toany preceding claim, characterized in that the setting accelerator is a lithium 

14. A cementing composition according to claim 12, characterized in that the setting accelerator is lithium carbonate. 

15. ^cementing composition according to any preceding claim, characterized in that it also contains an anttfoaming 

16. A cementing composition according to any one of claims 1 to 14, characterized in that it includes aas bubbles th« 
W°'9asinc.uded^^^ 

1? " ZfrtM^Z^l^TT*™ aCC ° rding t0 ^ PreCedin9 C,aim t0 cementin 9 a pipe of an oil 

(or similar) well located in an arctic zone or in a deep-water well. KP 
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